The objective of the study is to investigate whether episodic binge pattern of alcohol consumption during pregnancy is independently associated with child mental health and academic outcomes. Using data from the prospective, population-based Avon Longitudinal Study of Parents and Children (ALSPAC), we investigated the associations between binge patterns of alcohol consumption during pregnancy (C4 drinks per day) and child mental health [as rated by both parent (n = 4,610) and teacher (n = 4,274)] and academic outcomes [based on examination results (n = 6,939)] at age 11 years. After adjusting for prenatal and postnatal risk factors, binge pattern of alcohol consumption (C4 drinks in a day on at least one occasion) during pregnancy was associated with higher levels of mental health problems (especially hyperactivity/inattention) in girls at age 11 years, according to parental report. After disentangling binge-pattern and daily drinking, bingepattern drinking was independently associated with teacherrated hyperactivity/inattention and lower academic scores in both genders. Episodic drinking involving C4 drinks per day during pregnancy may increase risk for child mental health problems and lower academic attainment even if daily average levels of alcohol consumption are low. Episodic binge pattern of drinking appears to be a risk factor for these outcomes, especially hyperactivity and inattention problems, in the absence of daily drinking.
outcomes include adverse physical, developmental and behavioural consequences [1] . Fetal exposure to high peak levels of maternal blood alcohol may pose particular risks for childhood behavioural and learning problems. Following a systematic review of the literature, recommendations have been made for investigation of the risk to offspring through episodic heavier drinking such as binge patterns of drinking in women whose average levels of alcohol consumption during pregnancy are low to moderate [2] . A number of studies have investigated the impact of prenatal alcohol exposure on childhood mental health, learning and development [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, only some of these studies have found associations between binge patterns of drinking specifically and childhood mental health or learning problems [3] [4] [5] [6] [7] [8] [9] [10] 15] . Discrepancies in studies' findings might reflect methodological factors such as confounding, choice of sample, source of informant for outcome data or ascertainment of exposure information postnatally [2, 8, 13, 15] . Furthermore, there are differences between studies in the quantification used to define the 'binge' pattern; for women, the National Institute on Alcohol Abuse and Alcoholism (NIAAA) National Advisory Council and the Centers for Disease Control and Prevention define the consumption of C4 drinks on a single occasion as binge drinking [17] . In terms of outcomes, some effects, particularly academic impairments, may only become apparent as children get older [2, 15, 16] . We aim to address some of these methodological issues using data from a prospective population-based study and adjusting for a range of prenatal and postnatal risk factors to assess outcomes at age 11 years. In a previous analysis of this population-based cohort, we found that a binge pattern of drinking during pregnancy was associated with adverse parent-rated mental health outcomes at ages 4 and 7 years, particularly in girls [18] . In the present study, we extend this work to a broader range of outcomes (parent-rated mental health, teacherrated mental health, and academic achievement) measured at the age of 11 years. We aim to investigate: (1) the impact of episodic binge-pattern drinking on mental health as rated by both parents and teachers and on academic achievement and (2) whether risk occurs independently of regular (daily) drinking.
Method

Sample
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a prospective population-based study in England [19] . All pregnant women resident in the Avon area with an expected delivery date between April 1991 and December 1992 were invited to participate. Around 85 % of all eligible women participated, providing a cohort of 14,541 pregnancies. ALSPAC participants were broadly representative of the local population of mothers with infants and comparable against national census data although they were slightly more likely to be Caucasian, married or cohabiting, home owner-occupiers, and have a car in the household (further details at http://www.alspac. bris.ac.uk and http://www.bristol.ac.uk/alspac/researchers/ resources-available/cohort/represent/). Detailed information on the cohort (mothers and children) has been obtained through questionnaires completed at regular intervals during the pregnancy and since the birth. Please note that the study website contains details of all the data that are available through a fully searchable data dictionary (http://www. bris.ac.uk/alspac/researchers/data-access/data-dictionary/). Ethical approval for the study was obtained from the AL-SPAC Ethics and Law Committee and the Local Research Ethics Committees.
To minimise confounding and clustering effects, the sample for analysis (see online Figure-Flow Chart) was restricted to women of white-European ethnicity (reflecting variations in alcohol dehydrogenase allele frequency across different populations [20] ) and to children from singleton births (n = 13,171). Using postal questionnaires, information on alcohol consumption at 18 weeks gestation was gathered on 93 % (n = 12,257) of their mothers. Of these respondents, 65 % (n = 7,965) provided further information on alcohol consumption at 32 weeks gestation. This discrepancy reflects 3,378 (28 %) mothers who completed the initial version of the 32-week questionnaire where these questions were not asked and non-response in 914 (7 %) mothers. As previously shown, there was no sampling bias in the mothers not asked these questions [18] . However, maternal correlates of not providing this information when asked included the consumption of C4 drinks in a day on at least one occasion between 14 and 18 weeks gestation, smoking and use of cannabis in the early part of the second trimester, lower maternal age and level of education, depression, being unmarried, and living in rented housing.
Measures
Exposure variables
Alcohol consumption during pregnancy was measured in the following ways:
(1) Pattern of drinking reflecting episodic heavy drinking (primary exposure variable)-at both 18 and 32 weeks gestation, the mother was asked the number of days in the previous 4 weeks (i.e. reflecting 14-18 and 28-32 weeks gestation) on which she had consumed the equivalent of at least 4 units of alcohol. Examples were provided to confirm that one drink was equivalent to 1 unit (8 g) of alcohol. For analyses, this primary exposure variable reflected the consumption of C4 drinks in a day (binge-pattern drinking) on at least one occasion versus none. (2) Frequency and quantity of drinking-at 18 weeks, the mother was asked the frequency and quantity of her drinking during the previous 2 weeks or around the time she first felt the baby move. Response categories provided were never, \1 glass per week, C1 glass per week, 1-2 glasses a day, 3-9 glasses a day or C10 glasses a day. At 32 weeks, she was asked the amount she usually drank in a day at that time. For analyses, daily drinking was defined as an average of at least one drink a day at either time point.
Information was also obtained on alcohol consumption during two other time periods:
(1) First trimester-information about drinking in the first trimester was also collected at 18 weeks gestation using the same frequency/quantity response categories as described above. Based on our previous work, for analyses, the groups consuming C1 glasses per week during the first trimester were combined [21] . (2) When the child was aged 5 years, information was collected on the mother's pattern of drinking during the past month. This was the last time point before the age of 11 when information was collected on maternal drinking patterns. As above, the consumption of C4 units of alcohol on any day was used as an index of postnatal binge pattern of drinking.
Outcome variables
(1) Child mental health outcomes were measured using both the parent-and teacher-completed Strengths and Difficulties Questionnaire (SDQ) at the age of 11 years [22] . These were administered by post and followed by reminder questionnaires if there was no response. The SDQ is a widely used dimensional measure of childhood mental health and has been validated in a large, nationally representative, community sample [23] . It includes four sub-scales relating to emotional problems, conduct problems, hyperactivity/inattention, and peer relationships and higher scores (scale of 0-10) indicate greater levels of severity. These are summed to provide a total problems score (0-40). Our analyses focus on the total problems score as well as the two behavioural problem sub-scales (conduct problems and hyperactivity/inattention). (2) Academic outcomes were assessed using standardised, age-adjusted total scores from results on the Key Stage 2 (KS2) examinations taken in the final year at primary school (at ages 10-11 years). These scores provide an objective real world measure of academic performance and were obtained by data linkage with the National Pupil Database. In England, the national curriculum at KS2 relates to the school years 3-6, covering ages 7-11. Formal assessments involving examinations in English, Mathematics and Science take place at the end of this KS2 period. Further details are available at http://curriculum.qcda.gov.uk/key-stages-1-and-2/ index.aspx.
Confounding variables
A range of potential confounding factors (selected due to being likely risk factors for the outcome in addition to being correlates of the exposure) that were measured in ALSPAC were included in the analyses. Based on our earlier work [18] , the following prenatal maternal and socio-demographic variables obtained during the pregnancy were categorised for analysis: maternal age (B20, 21-34, or C35 years); parity (none or C1); highest level of maternal education (based on the UK examination system-\'O' levels, 'O' levels, 'A' levels, degree); the number of times per day the mother smoked during the second trimester (response categories were 0, 1-4, 5-9, 10-14, 15-19, 20-24, 25-29, and 30?); and use of cannabis and other illicit drugs during the pregnancy, home ownership and whether currently married (all dichotomized to yes/no). Maternal mental health was measured at 18 weeks gestation and when the child was 11 years old using the Edinburgh Postnatal Depression Scale (EPDS)-this measure has been validated outside the postnatal period [24] . As scores of [12 are highly associated with a diagnosis of a depressive disorder, this cut off was used to indicate the presence of depression [25] . Analyses also adjusted for child factors including gestational age (B36 or C37 weeks), birth weight and gender. As parental and child educational attainment are strongly associated, analyses for KS2 outcomes were further adjusted for highest level of paternal education (as reported by the mother and categorised similarly).
Data analysis
The main analyses consisted of linear regression models examining the association between the consumption of C4 drinks in a day on at least one occasion (yes/no; main exposure) at either measured time point during pregnancy and child SDQ and KS2 outcomes at age 11. The sample was restricted to the 7,965 children whose mothers provided information on alcohol use at both 18 and 32 weeks gestation. Regression estimates were adjusted for the potential confounding effect of the prenatal variables as well as child factors listed above using multivariable regression modelling. Based on our earlier work [18] , the following additional steps were carried out:
(1) We identified the relationships between the main exposure (C4 drinks per day) and the prenatal maternal and socio-demographic and child variables outlined above (Table 1) . (2) To check for possible selection bias we assessed whether the availability of outcome measures (SDQ and KS2 data) was associated with the exposure and other confounding variables (listed above). These assessments were made using v 2 or t tests as appropriate. (3) To assess for possible risk associated with background alcohol consumption at other times outside of pregnancy as opposed to the risk from exposure during pregnancy (intra-uterine exposure), we examined the univariable relationships between postnatal binge pattern of drinking (when the child was aged 5 years) and outcome measures. (4) We formally tested for possible gender interaction within the unadjusted models and, where appropriate, regression analyses were repeated separately by gender. (5) Three sets of sensitivity analyses were carried out for the parent-rated SDQ outcomes. First, given our earlier findings, the multivariable linear regression analyses were repeated after adjusting for first trimester alcohol consumption [21] . Second, given the possibility that the child's gestational age and birth weight might be on the causal pathway between prenatal alcohol exposure and neuro-developmental problems, the multivariable linear regression analyses were repeated after omitting these variables from the model. Third, the multivariable linear regression analyses were repeated after including maternal binge pattern of drinking at 5 years and EPDS at 11 years in the model. This analysis adjusted for the effects of key risk factors in the postnatal environment. (6) Finally, to examine whether episodes of heavier drinking may carry risk of later adverse outcomes in mothers who do not drink daily during pregnancy, the primary analyses were repeated using a 4-level variable of drinking in pregnancy separating out patterns (C4 drinks in a day) and frequency (daily drinking involving an average of at least one drink per day) of drinking. We compared, in turn, three sub-groups of mothers (those who drank daily but not C4, C4 but not daily, C4 and daily) against the baseline group who had neither consumed C4 drinks in a day nor drank daily during the pregnancy. The analyses for KS2 outcomes were further adjusted for highest level of paternal education.
Results
A quarter (24 %; 1,921/7,965) of mothers reported consuming C4 drinks in a day on at least one occasion during pregnancy. Over half [56 % (725/1,305) and 57 % (790/ 1,390) at each time point] of these mothers had consumed C4 drinks on only 1-2 days in the previous month. The majority (59 %; 774/1,305) of mothers who reported at least one occasion of consuming C4 drinks between 14 and 18 weeks also reported this pattern between 28 and 32 weeks gestation. Table 1 shows that maternal correlates of consuming C4 drinks included higher parity, smoking, use of cannabis and other illicit drugs, depression, being unmarried, rented tenure, and lower level of education. Tables 2 and 3) was not associated with drinking status, but other correlates of non-availability included use of cannabis, being unmarried and rented tenure (both SDQ and KS2), and lower parity and higher level of maternal education (KS2 only).
Postnatal binge pattern of alcohol consumption (child aged 5 years) was not adversely associated with SDQ or KS2 outcome measures.
Relationships between alcohol consumption during pregnancy and outcomes There was evidence of an interaction between child gender and alcohol consumption in relation to parent-rated SDQ scores (Table 2 ). In girls, the effect sizes of the unadjusted differences were up to 0.2 of a standard deviation. In adjusted models, the consumption of C4 drinks was associated with hyperactivity/inattention, conduct and total problems in girls. These patterns of associations persisted, with some attenuation, in all three sensitivity analyses (i.e. excluding gestational age and birth weight from the model and after adjusting for first trimester alcohol consumption and postnatal variables). Although there were similar associations involving teacher-rated SDQ and KS2 scores in the univariable analyses, these did not persist after adjusting for confounders (Table 3) .
At either time point, 8 % (522/6,272) of mothers reported regular daily drinking, i.e. at least one drink a day in the preceding month (between 14 and 18 or 28 and 32 weeks gestation). Overall, 19 % of mothers reported binge-pattern drinking, but not daily drinking whereas 5 % reported both episodic binge-pattern drinking and daily drinking. The relationships between patterns and frequency/quantity of drinking during pregnancy and outcomes are shown in Table 4 (the reference category includes both non-drinkers and light drinkers (i.e. participants who did not drink daily or have any episodes of binge-pattern drinking)). After adjustment for confounders, an episodic pattern of consuming C4 drinks in a day in the absence of daily drinking was associated with more hyperactivity/inattention and total problems in girls, according to the parent. Furthermore, across both genders, there was an association with more teacher-rated hyperactivity/inattention problems. This episodic pattern of binge drinking was also associated with lower KS2 scores and this association persisted after adjusting further for paternal education (adjusted regression coefficient = -0.82, 95 % CI -0.16 to -1.47, p = 0.016). In contrast, daily (non-binge) drinking in the absence of binge pattern of drinking was not associated with KS2 scores after adjusting for paternal education (adjusted regression coefficient = 0.85, 95 % CI -0.46 to 2.16, p = 0.203). 
Discussion
After adjusting for prenatal confounding factors and disentangling binge-pattern and daily drinking, our findings suggest that a binge pattern of alcohol consumption during pregnancy (C4 drinks in a day) is independently associated with higher levels of hyperactivity and inattention problems and lower academic attainment at age 11 years (Table 4 ). This pattern of drinking appeared to be an independent risk factor for these outcomes amongst offspring of mothers who did not drink daily during pregnancy, but only on an episodic basis. As in our earlier work [18] , parent ratings suggested a higher risk of mental health problems amongst girls exposed to this episodic binge pattern of drinking. However, when outcomes were assessed using teacher ratings and academic attainment scores, both genders appear to be at risk through exposure to episodic binge-pattern drinking in the absence of daily drinking. In contrast, moderate levels of alcohol consumption (averaging at least one drink a day) during pregnancy in the absence of binge pattern of drinking were not associated with adverse outcomes at age 11. With regard to mental health outcomes, the strongest associations were with hyperactivity/inattention. This association was reflected across both parent and teacher ratings and was not contingent upon daily drinking during pregnancy. There are inconsistent findings about the association between prenatal alcohol exposure and childhood hyperactivity and inattention problems [18, 26, 27] . This might reflect methodological issues-although recommendations have been made for research that separates out risk from regular drinking versus episodic binge-pattern drinking [2] , few studies have separated these out to specifically examine the association between binge-pattern drinking during pregnancy and hyperactivity and inattention problems [10, 18] . Some studies have conflated frequency (e.g. daily) and pattern (e.g. binge episodes) of drinking or have ascertained prenatal alcohol exposure status postnatally [8, 13, 15, 16, 28] . Some studies suggest the possibility that the mental health risk to children prenatally exposed to alcohol mainly reflects conduct and emotional problems [15, 16, 28, 29] . Although, for girls, we also found higher levels of parent-rated conduct problems, these findings did not extend to teacher ratings.
Several studies investigating cognitive outcomes following prenatal exposure to binge pattern of drinking have not found adverse effects on global intellectual functioning such as IQ scores [11-14, 18, 30] . However, specific associations have been found with lower verbal and nonverbal IQ, particularly if binge episodes are frequent [7, 9, 10] . Relatively few studies have focused on school-based learning or academic outcomes. The Seattle longitudinal study found that binge-pattern drinking (C60 g alcohol per occasion) was associated with childhood learning problems that persisted over time [3, 4] . Specific problems with maths, reading and verbal memory have also been described [3, 6] . After adjustment for confounders, our findings have shown an adverse impact of occasional drinking episodes involving C4 drinks in a single day (involving C32 g of alcohol) on children's academic attainment at age 11. These findings are consistent with animal studies which demonstrate adverse effects on learning, hyperactivity/ inattention, and executive function through exposure to high peak alcohol levels [31, 33] .
Although some animal studies have suggested a greater vulnerability to prenatal alcohol exposure amongst female offspring [33] [34] [35] , it remains uncertain whether the parent SDQ findings reflect informant-related factors, whereby the parent (usually mother) has provided both the exposure and outcome information. However, the finding of higher vulnerability amongst girls is consistent with our previous follow-up of this cohort up until age 7 years and the association remained robust even after adjusting for postnatal environmental risk factors as well as first trimester exposure [18] .
ALSPAC is well placed to answer the question of whether episodic binge-pattern drinking in pregnancy is associated with risk to offspring. Data were collected Table 3 Relationships between binge pattern of drinking (yes/no) and mean differences (regression coefficients) in teacher-rated SDQ and Key Table 4 Relationships between binge drinking patterns and mean differences in SDQ scores in the presence or absence of daily drinking prospectively during pregnancy, the sample reflects a large population-based cohort and outcome data were obtained from a range of sources. Another advantage is that these exposure data were collected during 1991-1992 when attitudes to drinking in pregnancy were different in the UK and there was less stigma about reporting alcohol consumption whilst pregnant. The majority of mothers who reported consuming C4 drinks in a day at the first time point also reported this at the second, suggesting that this pattern of drinking might have persisted across the second and third trimesters. However, if under-reporting and drinking that takes place prior to pregnancy recognition are also taken into account, we may have underestimated the level of exposure. The multivariable analyses adjusted for a wide range of factors that were potentially associated with the exposure and outcome, including paternal characteristics and postnatal factors such as maternal mental health and binge pattern of drinking. Furthermore, there was no adverse association between postnatal binge-pattern drinking (child aged 5 years) and outcomes, suggesting that risk related to intra-uterine exposure. In the analyses, we were also able to separate out the effects of frequency and quantity of drinking from binge-pattern drinking. This enabled us to achieve our aim of distinguishing risk related to occasional episodes of heavier drinking [36] . As the study utilised a populationbased sample, few mothers (5 % of the sample) reported both daily drinking as well as episodic binge-pattern drinking which might have limited our ability to demonstrate an association involving this group. It is also possible that they spread their drinking over the course of the day when consuming C4 drinks and that their alcohol metabolising enzymes have been sufficiently induced because of their daily drinking pattern resulting in reduced fetal exposure to peak alcohol levels. In terms of limitations, our ascertainment of the timing of the exposure meant that it was not possible to specify any particular risk period during the pregnancy. We did not have information on first trimester binge-pattern drinking. The differences in our findings compared to other studies may also reflect other methodological factors such as sample size, ascertainment of drinking behaviour by selfreport questionnaire rather than interview (the latter might lead to under-reporting), number of binge episodes and levels of background drinking. In particular, our definition of binge-pattern drinking may have under-estimated risk when compared with studies using binge drinking definitions that reflect alcohol consumption over a shorter duration or studies assessing the impact of frequent binge episodes [37] . However, our findings highlight potential risk to the offspring through exposure to a minimum of 32 g of alcohol. Finally, other study limitations include the possibility of unmeasured or residual confounding (for example, we did not have information on family history of ADHD), the mental health outcome measures were based on a brief questionnaire (SDQ), sample attrition involving missing data on the exposure at 32 weeks gestation and response rates for the outcome measures, the influence of multiple testing as outcomes were assessed using information from different sources, and the representativeness of responders to the parent-completed SDQ. However, there was less bias in the availability of teacher or KS2 data and there is evidence that differential attrition within AL-SPAC does not affect estimations of risk of behavioural disorder [38] .
Our findings suggest a persistent adverse effect over time for children's mental health related to prenatal exposure to C4 drinks in a single day. This pattern of drinking on one or more days during pregnancy carries risk in the absence of daily drinking. The pattern of findings at age 11 years was similar to our earlier findings following up this cohort up till age 7. The persistence of adverse effects into mid-childhood, even with small individual effect sizes, is significant at a whole-population level. Clinicians should enquire about episodic binge drinking as well as regular drinking when taking a history of pregnancy and keep this in mind when assessing mental health and learning problems [15, 18, 27, 28] . At an individual level, pregnant women should be aware of possible risks associated with episodic binge-pattern drinking, even if this occurs on an occasional basis. Our findings have implications for clear policy messages about patterns of alcohol consumption during pregnancy, whereby women who choose to drink occasionally should avoid having several drinks in a day.
